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TWO-WIRE NEUTRALLESS DIGITAL
DIMMER FOR LEADING-EDGE DIMMABLE
LAMP DRIVER AND A METHOD OF
OPERATION THEREOF

CROSS-REFERENCE TO PRIOR
APPLICATIONS

This application 1s the U.S. National Phase application
under 35 U.S.C. § 371 of International Application No.
PCT/IB2013/050569, filed on Jan. 23, 2013, which claims
the benefit of U.S. Provisional Patent Application No.
61/590,858, filed on Jan. 26, 2012. These applications are
hereby incorporated by reference herein.

The present system relates to a two-wire digital dimmer
and, more particularly, to a digital dimmer suitable for
circuits without neutral wires and which can work with a
leading edge dimmable lamp driver, and a method of opera-
tion thereof.

Recently, light emitting diodes (LEDs) and fluorescent
lamps have gained popularity as retrofit lamps 1n ceiling
and/wall fixtures for many reasons including enhanced lifes-
pan, elliciency, and enhanced lighting spectrum. These
lamps are often located in ceiling or wall fixtures and are
typically connected to circuits which are of two common
types: a feed-at-switch (FAS) type or a feed-at-lamp (FAL)
type. Both of these circuit types are typically switched on or
ofl by a switch, such as single pole or dimmer switches,
mounted 1n a switch box. These circuits are illustrated with
reference to FIG. 1A and FIG. 1B, wherein, FIG. 1A shows
a FAL type circuit and FIG. 1B shows a FAS type circuait.
With reference to FIG. 1A, line (L) (e.g., hot, source, or
main) and neutral (N) conductors extend from a mains
wiring 102A 1nto a switch box 104A. From the switch box
104 A, the neutral (N) conductor continues to a load 108A
via a wall or ceiling junction box 106A. A switch 110A 1s
connected 1n series with the line (L) conductor and feeds the
load 108A so as to enable switching the load on or off. In
contrast, in the FAL type circuit shown 1 FIG. 1B, line (L)
and neutral (N) conductors feed from mains wiring 102B
directly 1nto a wall or ceiling junction box 106B and the line
(L) conductor continues to form a switching loop which
extends therefrom to a junction box 104B. A switch 110B 1s
connected 1n series with the line (L) conductor feeding a
load 108B so as to enable switching the load 108B on or off.
Comparing junction boxes 106A and 106B, 1t 1s seen that
junction box 1068 does not have a neutral (N) conductor
and, 1s thus, known as a “neutralless” junction box (NJIB).
While lack of a neutral (N) conduit 1s usually not an 1ssue
when driving incandescent lamps with digitally-controlled
switches, 1t usually 1s an issue when driving electronic
drivers such as LED drivers, fluorescent ballasts (e.g., which
drive fluorescent lamps), and the like with digitally-con-
trolled switches such as digitally-controlled dimmers and the
like. Accordingly, conventional digitally-controlled dim-
mers are incompatible with NJBs when driving fluorescent
ballasts. This 1s due to the fact that the impedance of the
fluorescent ballasts 1s usually unstable during start-up.
Accordingly, voltage across the ballast may experience an
amplitude decrease and/or phase shift. Therefore, conven-
tional digital dimmers cannot accurately detect the zero-
crossings of a voltage by monitoring a voltage between line
(L) and load (LLd) terminals which may be necessary for
proper operation. Further, when in an OFF state, electronic
ballasts act substantially as an open circuit and only a very
limited current can pass through the ballast. This current can
usually be measured for example from several hundred
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microamps to several milliamps. Accordingly, the power
that can be generated using this limited current and provided
to internal circuitry of a two-wire switch coupled to an
clectronic ballast when the switch 1s in an OFF state 1s also
very limited and 1s often msuflicient to properly run internal
circuitry of the two-wire switch.

Accordingly, there 1s a need for a digitally-controlled
dimmer switch which can operate in a “neutralless™ circuit
and drive a load such as a fluorescent ballast and lamps or
the like.

In accordance with an aspect of the present system, there
1s disclosed a system, method, device, computer program,
user interface, and/or apparatus (hereinafter each of which
will be commonly referred to as a system unless the context
indicates otherwise for the sake of clarity), which discloses
a dimmer switch adapted to be coupled to an alternating
current (AC) source and to a load so as to control an amount
of power delivered from the AC source to the load, the
dimmer switch including: a controllable bidirectional semi-
conductor switch (CBSS) coupled between the AC source
and the load and having a control line which, when trig-
gered, configures the CBSS to conduct so as to deliver a
controlled amount of power from the AC source to the load
for a corresponding half-cycle of the AC source; first and
second triggering circuits coupled to the control line and
configured to trigger the CBSS; and a controller which:
receives sense information related to characteristics of the
AC source, the characteristics including information related
to one or more zero-crossings for one or more half cycles of
a voltage wavetorm of the AC source, selects one the first or
second triggering circuits to be enabled based upon one or
more of the sense information, an operational state of the
dimmer, and a dimming selection, and/or enables the
selected first or second triggering circuit to charge, wherein
when the selected first or second triggering circuit reaches a
threshold charge, the selected first or second triggering
circuit triggers the CBSS to conduct for a corresponding
half-cycle of the one or more half cycles and deliver power
from the AC source to the load.

In accordance with embodiments of the present system, it
1s envisioned that the threshold charge 1s reached substan-
tially when the charge time of the corresponding first or
second triggering circuit elapses. Further, 1t 1s envisioned
that the charge time for each for each of the first and second
triggering circuits 1s different from each other. Moreover, the
dimmer switch may 1nclude only a source line coupled to the
AC source and a load line coupled to the load as an input and
an output of the dimmer switch, respectively. Accordingly,
the dimmer switch would have only a single mput and a
single output. Further, 1t 1s envisioned that the dimmer
switch may 1nclude a common capacitor coupled to both of
the first and second triggering circuits, wherein when charg-
ing, the first and second triggering circuits further charges
the common capacitor.

It 1s also envisioned that the controller may select the first
or second triggering circuit in accordance with an opera-
tional state of the dimmer switch. Further, 1t 1s envisioned
that one or more of the first and second triggering circuits
may include a self-balancing triggering circuait.

In accordance with yet another aspect of the present
system, there 1s disclosed a method of operating a dimmer
switch coupled to an alternating current (AC) source and a
load so as to control an amount of power delivered from the
AC source to the load, the method including acts which are
performed by processor, the acts including: receiving sense
information related to characteristics of the AC source, the
characteristics including information related to one or more
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zero-crossings for one or more half cycles of a voltage
wavetorm of the AC source; selecting the first or second
triggering circuits based upon one or more of the sense
information, an operational state of the dimmer, and dim-
ming selection; and/or enabling the selected first or second
triggering circuit to charge, wherein when the selected first
or second triggering circuit reaches a threshold charge, the
selected first or second triggering circuit triggers the CBSS
to conduct for the corresponding half-cycle of the AC source
and deliver power from the AC source to the load.

It 1s also envisioned that the threshold charge may be
reached substantially when the charge time of the corre-
sponding first or second triggering circuit elapses. More-
over, the charge time for each for each of the first and second
triggering circuits 1s set to be different from the other.
Further, the act of enabling the selected first or second
triggering circuit to charge further may include an act of
modulating the enabling in accordance with one or more of
the sense information, an operational state of the dimmer,
and the dimming selection. Moreover, the method may
include an act of disabling the triggering circuit which 1s not
the selected triggering circuit of the first and second trig-
gering circuits. It 1s envisioned that the method may include
an act of determining a selected dimming state of first and
second dimming states in accordance with the dimming
selection. The dimming selection may be entered by a user
or may be received from a lighting controller (e.g., using a
wired or wireless transmission method). It 1s further envi-
sioned that the method may include an act of selecting one
of the first and second triggering circuits in the first dimming
state and selecting the other of the first and second triggering
circuits 1n the second dimming state.

In accordance with yet another aspect of the present
system, there 1s disclosed a computer program stored on a
computer readable memory medium, the computer program
configured to operate a dimmer switch coupled to an alter-
nating current (AC) source and a load so as to control an
amount of power delivered from the AC source to the load,
the computer program may include: a program portion may
be configured to: receive sense mformation related to char-
acteristics of the AC source, the characteristics including
information related to a zero-crossing of a voltage wavelorm
of the AC source; select the first or second triggering circuits
based upon one or more of the sense imformation, an
operational state of the dimmer, and user input information;
and enable the selected first or second triggering circuit to
charge, wherein when the selected first or second triggering
circuit reaches a threshold charge, the selected first or
second triggering circuit triggers the CBSS to conduct for
the corresponding half-cycle of the AC source and deliver
power from the AC source to the load.

It 1s further envisioned that the program portion may be
turther configured to receive the dimming selection from a
user interface of the dimmer switch. Moreover, the program
portion may be 1s further configured to modulate the
enabling of the selected first or second triggering circuit 1n
accordance with one or more of the sense information, an
operational state of the dimmer, and a dimming selection.
Further, the program portion may be further configured to
disable the triggering circuit which 1s not the selected
triggering circuit of the first and second triggering circuits.
The program portion also may be configured to determine a
selected dimming state of first and second dimming states 1n
accordance with the dimming selection.

In accordance with yet a further aspect of the present
system, there 1s disclosed a dimmer switch adapted to be
coupled to an alternating current (AC) source and to a load
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so as to control an amount of power delivered from the AC
source to the load, the dimmer switch may include a
controllable bidirectional semiconductor switch (CBSS)
coupled between the AC source and the load and having a
control line (G) which, when triggered, configures the CBSS
to conduct so as to deliver a controlled amount of power
from the AC source to the load for a corresponding hali-
cycle of a plurality of half-cycles of the AC source; first and
second triggering circuits coupled to the control line and

configured to trigger the CBSS, the first triggering circuit
being a seli-balancing triggering circuit configured to trigger
the CBSS to conduct for a corresponding half-cycle of the
one or more half cycles and deliver power from the AC
source to the load when the first triggering circuit reaches a
threshold charge; and/or a controller which may receive
sense information related to characteristics of the AC source,
the characteristics including information related to a voltage
wavelorm of the AC source, sense a zero-crossing of the
voltage waveform of the AC source for at least one hali-
cycle of the plurality of half-cycles in accordance with the
sense mformation, determine a delay period for phase cut for
the at least one half cycle of the plurality of half-cycles in
accordance with the sense information and a dimming
selection, determine whether the delay period has elapsed,
enable the second triggering circuit to trigger the CBSS {for
the at least one half-cycle of the plurality of half-cycles
when 1t 1s determined that the delay period has elapsed,
and/or may selectively disable the first triggering circuit.

The mvention 1s explained 1n further detail, and by way of
example, with reference to the accompanying drawings
wherein:

FIG. 1A shows a feed-at-lamp (FAL) type circuit;

FIG. 1B shows a feed-at-switch (FAS) type circuit;

FIG. 2 1s a circuit diagram of a portion of an analog triode
for alternating current (TRIAC) dimmer 1n accordance with
embodiments of the present system;

FIG. 3 shows a graph of phase control with respect to line
(L) voltage (V-line) for the TRIAC dimmer of FIG. 2 1n
accordance with embodiments of the present system;

FIG. 4 shows a block diagram of a three-input micropro-
cessor-controlled digital dimmer 1n accordance with
embodiments of the present system;

FIG. SA shows a circuit equivalent of a two-wire micro-
processor-controlled dimmer with an incandescent lamp
coupled thereto as a load;

FIG. 5B shows a circuit equivalent of a two-wire micro-
processor-controlled dimmer with a fluorescent ballast
coupled thereto as a load;

FIG. 6 shows a block diagram of a two-wire input
digitally-controlled dimmer in accordance with embodi-
ments of the present system;

FIG. 7A shows a detailed block diagram of the two-wire
mput digitally-controlled dimmer 1n accordance with
embodiments of the present system;

FIG. 7B shows a detailed block diagram of two-wire
digitally-controlled dimmer in accordance with embodi-
ments of the present system;

FIG. 8 shows a graph of line (L) voltage (V line) with
respect to a load voltage (V load) wavetorm after startup in
accordance with embodiments of the present system:;

FIG. 9 15 a graph of line (L) voltage (V line) with respect
to a load voltage (V load) wavetorm during the dimming
state 1n accordance with embodiments of the present system:;

FIG. 10 shows a portion of a triggering circuit including,
a switch 1n accordance with embodiments of the present
system:
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FIG. 11 A shows a portion of a triggering circuit including
a switch 1n accordance with embodiments of the present
system;

FIG. 11B shows a portion of a triggering circuit including,
a switch 1n accordance with embodiments of the present
system; and

FIG. 12 shows a portion of a system 1n accordance with
an embodiment of the present system.

The following are descriptions of illustrative embodi-
ments that when taken in conjunction with the following
drawings will demonstrate the above noted features and
advantages, as well as further ones. In the following descrip-
tion, for purposes of explanation rather than limitation,
illustrative details are set forth such as architecture, inter-
faces, technmiques, element attributes, etc. However, 1t will be
apparent to those of ordinary skill in the art that other
embodiments that depart from these details would still be
understood to be within the scope of the appended claims.
Moreover, for the purpose of clarity, detailed descriptions of
well-known devices, circuits, tools, techniques and methods
are omitted so as not to obscure the description of the present
system. It should be expressly understood that the drawings
are included for illustrative purposes and do not represent
the scope of the present system. In the accompanying
drawings, like reference numbers 1n diflerent drawings may
designate similar elements.

For purposes of simplifying a description of the present
system, the terms “operatively coupled”, “coupled” and
formatives thereof as utilized herein refer to a connection
such as an electrical connection and/or a mechanical con-
nection between devices and/or portions thereof that enables
operation 1n accordance with the present system.

The present system provides a digitally-controlled dim-
mer which may be compatible with various lamps such as
incandescent, fluorescent and/or LED-type lamps and/or
lamp drivers such as leading-edge-dimmable lamp drivers,
fluorescent ballasts and/or the like. The digitally-controlled
dimmers of the present system may provide enhanced opera-
tional convenience, control, and/or efliciency. Further, it 1s
envisioned that embodiments of the present system may be
compatible with two-wire (“neutralless” type) and three-
wire (e.g., including a neutral (N)) lighting circuits such as
those shown 1n FIGS. 1A and 1B.

In accordance with embodiments of the present system,
there 1s disclosed a two-wire digitally-controlled dimmer
with analog phase control capabilities. The dimmer uses a
controllable bidirectional semiconductor switch such as a
TRIAC as a primary switch and 1s connected 1n series with
a load so as to deliver line (L) voltage (e.g., an alternating
current (AC) signal) to the load. When switched “on,” the
primary switch 1s controlled so as to cut line (L) voltage
during forward phases to decrease the voltage and/or power
passed to the load so as to dim the load 1n accordance with
a dimming setting (e.g., full on, high dimming, low dim-
ming, variable dimming, etc.). A triggering circuit includes
a resistor capacitor (RC) charger circuit having an adjustable
impedance which can be adjusted to control timing of the
primary switch with respect to a phase of the line (L)
voltage. The dimmer may include an adjustable resistance-
type switch such as a potentiometer and/or slider or sliding-
interface type switch to adjust the resistance and, thus,
impedance of the RC charger circuit. Accordingly, as the
impedance of the RC charger circuit controls timing of the
primary switch (e.g., for triggering) with respect to phase of
the line (L) voltage, 1t (1.e., the impedance) can be adjusted
to adjust power output of the dimmer to the load.
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FIG. 2 1s a circuit diagram of a portion of an analog
TRIAC dimmer 200 1n accordance with embodiments of the
present system. A graph of input voltage (e.g., line (L)
voltage, V line)) vs. output voltage (e.g., V load) for the
dimmer (200) of FIG. 2 1s shown 1n FIG. 3.

With reference to FIG. 2, the dimmer 200 1s coupled to a
load 202 and includes a control circuit 201 having one or
more of an RC-charger circuit 218 (heremafter charger
circuit for the sake of clarity), a bi-directional diode for AC
(DIAC) 206, and a controllable bidirectional semiconductor
switch 208 such as a TRIAC. For the sake of clanty, the
controllable bidirectional semiconductor switch 208 will
hereinafter be referred to as a TRIAC 208. The DIAC 206
selectively couples a capacitor 210 to the gate of the TRIAC
208 so as to selectively trigger (e.g., fire) the TRIAC 208.
The charging circuit 218 includes the capacitor 210 and a
resistor such as an adjustable resistor (e.g., a slider) 212
coupled to each other and to the DIAC 206. The capacitor
210 has a capacitance C and the adjustable resistor 212 has
a variable resistance Rx that 1s adjustable to a given desired
resistance value. The charging circuit 218 has an RC con-
stant (k) which may be based upon C and Rx for every value
of Rx. A charge enable (CE) switch 214 may be used to
selectively couple the resistor 212 to the line (L) so as to
enable the charging circuit 218 and charge the capacitor 210
to trigger the TRIAC 208. More particularly, when the
charging circuit 218 1s enabled, the resistor 212 1s coupled
to the line (L) and a charge current (icc) may pass there-
through to charge the capacitor 210. The resistance Rx of the
resistor 212 may be controlled to vary the rate of charge of
the capacitor 210. The CE switch 214 may include a control
line which may receive a control signal (e.g., (En) such as
an enable or dim si1gnal) to controllably open or close the CE
switch 214 so as to selectively decouple or couple the
charging circuit 218 from the line (L).

It 1s envisioned that in other embodiments of the present
system dimmers may include a plurality of charging circuits
cach of which may include a corresponding resistor (adjust-
able or fixed, as desired) coupled to a common capacitor
(e.g., 210) and to a DIAC (e.g., 206). Each of these charging,
circuits may be enabled (e.g., activated) or disabled (e.g.,
deactivated) 1n accordance with control signals received
from a processor of the system as will be described below 1n
the description of FIG. 6 below. However, for the sake of
clanity, only a single RC charging circuit 218 1s shown.
Further, 1t will be assumed that the switch 214 1s in the
closed position at all times during the present description
unless the context indicates otherwise.

During operation, when the switch 214 1s closed, the
capacitor 210 begins to charge during a positive (or nega-
tive) half-cycle after a zero-crossing of the line (L) voltage
(which 1s an AC signal received over the line (L)). There-
alter, as the capacitor charges, the voltage across the capaci-
tor 210 will increase until the voltage across the capacitor
210 1s equal to, or greater than, a breakover (also termed a
breakdown voltage) voltage of the DIAC 206 (such as
occurs at the end of a charge time such as t1). Thereafter and
while the voltage 1s over the breakover voltage, the DIAC
206 will conduct and provide a path for the capacitor 210 to
discharge a trigger current (1,) to the gate (G) of the TRIAC
208 which 1n turn will trigger (e.g., fire) the TRIAC 208 to
conduct. The conductance of the TRIAC 208 couples the
load 202 (and the load terminal (Ld) to line (L) and, thus,
across the line (L) and neutral (IN) as illustrated by the output
voltage (V-load) shown in the graph 300 of FIG. 3. Con-
tinuing 1n the cycle, as soon as a primary current across the
TRIAC 208 (e.g., from the line (L) to the load 610)
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decreases below 1ts holding value, the TRIAC 208 will open
and the load (L) 1s decoupled from the line (L) completing
a half-cycle. During a succeeding hali-cycle, the process
operates 1n reverse. For example, after a next zero-crossing,
a reverse charge current (e.g., —icc) may charge capacitor
210 during a charge interval t2 (where t2=tl1 1n the present
example) of the current halt-cycle. When (an absolute value
ol) the voltage across the capacitor 210 1s equal to, or greater
than, (an absolute value of) a breakover (or breakdown)
voltage of the DIAC 206 (such as occurs at the end of the
current charge time t2), the DIAC 206 will conduct and
provide a path for the capacitor 210 to discharge a trigger
current (1) which will trigger the TRIAC 208 as discussed
above. This, once again, will couple the load 202 to the line
(L) and, thus, across the line (L) and neutral (N) as discussed
above. In accordance with embodiments of the present
system, the TRIAC 208 1s automatically triggered after each
charge time has elapsed (e.g., t1 or 12) after zero-crossing of
a corresponding positive or negative half-cycle, respec-
tively, thereby providing a controlled amount of power to the
load 202. This portion of the dimmer 200 operates as a
self-balanced triggering circuit and does not require a spe-
cific zero-crossing detection circuit such as a digital zero-
crossing detection circuit to fix a starting point of every
cycle or half-cycle and/or trigger the TRIAC 208 at a desired
phase with respect to a line (L) voltage wavetform.

With regard to the charge time (e.g., t1, t2), as this time
period 1s related to the RC constant (k) of the charging
circuit, increasing Rx will increase the charge time. Like-
wise, decreasing Rx will decrease the charge time (tl, t2).
Thus, 1n accordance with embodiments of the present sys-
tem, to 1ncrease the amount of power transierred from the
line (L) to the load (LLd), the value Rx may be decreased to
decrease the charge time (t1 and t2) which causes the
TRIAC 208 to trigger earlier after a zero-crossing of line (L)
voltage. Conversely, to decrease the amount of power trans-
terred from line (L) to the load (LLd), the value Rx can be
increased to increase the charge time (t1 and t2) which
causes the TRIAC 208 to trigger later after a zero-crossing
of line (L) voltage.

Moreover, with respect to mputs an 1 accordance with
embodiment of the present system, as the dimmer 200 only
requires line (L) and load (Ld) inputs, 1t may be referred to
as a two-input or “neutralless” dimmer.

FIG. 4 shows a portion of block diagram of a three-input
microprocessor controlled digital dimmer 400 1n accordance
with embodiments of the present system. The dimmer 400
includes a zero detection (ZD) circuit 410, a processor 412,
a primary switch such as a TRIAC 408 and a triggering
circuit 406. In accordance with this embodiment, the trig-
gering circuit 406 may include two or more triggering
circuits as discussed further herein. The dimmer 400 1is
coupled 1n series with a load 402 and receives line (L) (e.g.,
including an AC signal) as an mput, and a switched output
which 1s fed 1nto the load 402 via a load terminal (Ld). The
/D circuit 410 1s coupled to the line (L) and samples
characteristics of the line (L) wavelform such as voltage,
phase, and/or current to determine zero-crossings of the line
(L) wavelorm and forms corresponding zero crossing infor-
mation (ZCI). Thereafter, the ZD circuit 410 provides the
ZCI to the processor 412. The processor 412 may analyze
the ZCI and, upon detecting a zero-crossing, may wait for a
determined delay period of time (e.g., td) to elapse (e.g., so
that a correct phase cut may be achieved), and upon deter-
mimng that the determined delay period of time (e.g., td) has
clapsed, may signal the triggering circuit 406 (e.g., by
transmitting a DIM signal) to trigger the TRIAC 408 to
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couple the load 402 to the line (L). The processor 412 may
determine the delay period of time (td) 1n accordance with
a dimmaing setting (e.g., 50% power, full power, etc.), as may
be mput by a user or set by the dimmer (e.g., a startup), a
current state of the dimmer (e.g., startup), and/or a delay
time of a corresponding triggering circuit 406. The processor
412 may repeat this process for each cycle or half-cycle of
the AC voltage wavelorm of the line (L). In this configu-
ration, a zero-crossing 1s detected by actively monitoring,
voltage between the line (L) and neutral (N) as opposed to
passively monitoring voltage as 1n the dimmer 200 of FIG.
2. Referring back to the ZD circuit 410, this circuit may
further include a separate power supply or may receive
power for the dimmer 400 by the couplings between the line
(L) and the neutral (N) inputs. Further, the processor 412
may control the overall operation of the dimmer 400 and
may 1nclude a microprocessor (for signal processing) and/or
a user interface (such as keys or switches (hard or soft) for
receiving settings from a user and/or rendering information
for the convenience of the user). The dimmer 400 may
include a plurality of triggering circuits 406 cach with a
different corresponding delay time and which may be selec-
tively enabled or disabled by the processor 410.

In contrast to the two-wire “neutralless” dimmer 200 of
FIG. 2, the dimmer 400 1s a three-wire dimmer and requires
connection to the neutral (N) mput even when ofl.

Wiring equivalent circuits for two-wire dimmers of FIG.
2 and FIG. 6 will now be discussed with reference to FIGS.
5A and 5B.

FIG. 5A shows a circuit equivalent 501A of a two-wire
microprocessor-controlled dimmer 504 A with an incandes-
cent lamp coupled thereto as a load S02A. The dimmer 504 A
and load 502A are coupled 1n series such that a switched
output of the dimmer 504A drives the load 502A. The
dimmer 504B has an 1mnput coupled to a line (L) and has an
impedance R-dimmer. The load 502A 1s coupled between
the switched output of the dimmer 504 A and the neutral (N)
and has an impedance R-incandescent. Because of a rela-
tively low impedance of an incandescent lamp comprising
the load 502A, R-incandescent 1s very small as compared to
the impedance R-dimmer and when the TRIAC dimmer 1s
ofl, a voltage across dimmer S02A may be considered to be
the same as (or substantially the same as) the line (L) voltage
of the line (L). Accordingly, when the dimmer 504A 1s off,
its processor may monitor voltage between the line (L) and
a load termuinal (Lt) as opposed to monitoring the voltage
between the line (L) and neutral (N). Further, using this
method, amplitude and/or phase of an AC signal at the line
(L) can easily be determined.

FIG. 5B shows a circuit equivalent 501B of a two-wire
microprocessor-controlled dimmer 504B with a fluorescent
ballast coupled thereto as a load 502B. The impedance of the
fluorescent ballast load 502B 1s usually unstable during
start-up of the load 502B. Accordingly, this circuit may
experience an amplitude decrease and/or phase shift of
voltage across the dimmer 504B. Therefore, the dimmer
504B cannot accurately detect the zero-crossings by moni-
toring a voltage between the line (L) and load terminal (Lt)
at start-up. Accordingly, the dimmer 3504B has trouble
accurately determining amplitude and/or phase of the line
(L) voltage which i1s solved by the embodiments of the
present system.

FIG. 6 shows a block diagram of a two-wire input
digitally-controlled dimmer 600 in accordance with embodi-
ments of the present system. The dimmer 600 may include
one or more of a processor 602, a zero-crossing detection
(ZC) circuit 604, a bidirectional semiconductor switch such
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as a TRIAC 612, and first and second triggering circuits 606
and 608, respectively. Each triggering circuit (606, 608) 1s
coupled to a gate (G) of TRIAC 612 and, when enabled, will
trigger the TRIAC 612 during a corresponding half-cycle.
The dimmer 600 may receive a line (L) input and have a
switched output which drives a load 610 (such as a fluores-
cent lamp) serially coupled thereto. Accordingly, the load
610 1s coupled between the switched output of the dimmer
600 and a neutral (N).

The processor 602 may control the overall operation of
the dimmer 600 and may include one or more of a micro-
processor (UP) for controlling the overall operation of the
processor 602, and a user interface (UI) such as a rocker
switch, a toggle switch, and/or a push button switch. It 1s
turther, envisioned that the Ul may include a dimming
selector such as a variably adjustable switch with which a
user may set a selectable dimming level. Further, 1t 1s
envisioned that the dimming selector may include a hard- or
solt-type switch. For example, in some embodiments, it 1s
envisioned that the dimming selector may be a soft-type
switch that 1s rendered on a touch-screen display of the UI.
However, 1n yet other embodiments, 1t 1s envisioned that the
dimming selector may be a hard-type switch such as a rotary
switch, a sliding switch, etc., and may be integrated with an
on/ofl switch of the dimmer 600. The Ul may be operative
to receive a command from a user such as an on/ofl
switching command or a dimming command (e.g., entered
by manipulating the rocker or push button switch) and
process this command accordingly. For example, in response
to command to toggle on or off, the processor 602 may form
a corresponding switching (SW) and/or dimming (DIM)
signals and transmit these signals to corresponding ones of
the first and second triggering circuits, 606 and 608, respec-
tively so as to enable or disable the corresponding triggering
circuit (606, 608). Accordingly, the processor 602 may
sample mmputs recerved from the user (e.g., indicative of a
selected dimmuing level), the ZCI, and/or current state infor-
mation and may form corresponding switching (SW) and
dimming (DIM) signals to control the power delivered to the
load 610. Thereaftter, the processor 602 may transmit the SW
signal to the first triggering circuit 606, and/or may transmit
the DIM signal to the second triggering circuit 608. For
example, upon detecting that the load has been switched on,
ZCI provided to the processor 602 by the ZC circuit 604 may

be analyzed by the processor 602 to determine phase,

frequency, and/or zero-crossings of the lmme (L) voltage
wavelorm.

The ZC 604 may be coupled to, and sample the line (L)
voltage and form corresponding ZC information (ZCI)
which may include mformation imdicative of one or more of
a zero-crossing of the line (L) voltage, a frequency of the
line (L) voltage, a phase of the line (L) voltage, and an
amplitude (A) of the line (L) voltage. Thereatter, the ZC 604
may transmit the ZCI to the processor 602 for further
processing. The ZC 604 may further include a power supply
to provide power for internal operation of the dimmer 600.
For example, the power supply may provide an operating
voltage Vcc to the processor 602, etc. Vcec may be delayed
for a period of time rnight after startup (e.g., which occurs
when the switch 1s mitially turned “on” from an “off”
setting) until 1t may be output by the power supply. Accord-
ingly, the processor 602 may not sample the zero-crossing
signal until 1t recerves Vcc from the power supply. There-
tore, the dimmer 600 may include a self-balanced triggering
circuit such as the first triggering circuit 606 which may be
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operated to trigger the TRIAC 612 under certain conditions
such as during startup and/or transition phases ol operation
of the dimmer 600.

The TRIAC 612 1s coupled between to the line (L) and the
load 610. Accordingly, the TRIAC 612 can switchably
couple the load 610 to the line (L) to power the load 610
when the TRIAC 612 1s 1n a conductive state (as may occur
when triggered), and can (substantially) decouple the load
610 from the line (L) voltage when the TRIAC 612 1s 1n a
non-conductive state (as may occur when 1ts holding voltage
drops below a threshold voltage). Thus, when the dimmer
600 1s 1n an “on” state, the TRIAC 612 can switch the line
(L) voltage to the load 610 on and off during each half-cycle
of an AC signal waveform of the line (L) voltage so as to
supply a controlled amount of power from the line (L) to the
load 610; and when 1n an “off” state, the TRIAC 612 can
substantially decouple the line (L) voltage from the load 610
so as to turn off power to the load 610.

With regard to the first and second triggering circuits 606
and 608, respectively, the first triggering circuit 606 1is
operative to trigger the TRIAC 612 at a start-up dimming
level (e.g., at mimmimum power) and the second triggering
circuit 608 1s operative to trigger the TRIAC 612 at other
dimming levels such as at higher dimming levels (e.g., at
higher power levels) which may be variable. The startup
dimming level may be set to a threshold value (e.g., when
the system 1s configured or 1n real time) or may be set by the
user by, for example, adjusting resistance and, thus, imped-
ance ol the RC charger circuit of the first triggering circuit
606. Further, although only two triggering circuits 606 and
608 are shown, 1n yet other embodiments, it 1s envisioned
that three or more triggering circuits each coupled in parallel
between the line (L) and the load (Ld) may be included.

FIG. 7A shows a detailed block diagram of two-wire
digitally-controlled dimmer 700A 1n accordance with
embodiments of present system. As shown, the first and
second triggering circuits 606 and 608 are coupled 1n
parallel to the gate (G) of the TRIAC 612.

FIG. 7B shows a detailed block diagram of the two-wire
input digitally-controlled dimmer 700B i accordance with
embodiments of the present system. The dimmer 700B 1is
similar to the dimmer of FIGS. 6 and 7A with a difference
being that a second triggering circuit 708 1s directly coupled
to a gate (G) of a TRIAC 712 without using a DIAC as 1s
illustratively used in the dimmer. As shown, the first and
second triggering circuits 606 and 608 are coupled 1n
parallel between the line (L) and the load (LLd).

Referring back to FIG. 7A, the first triggering circuit 606
includes a CE switch 622, a resistor 624, a DIAC 626 and
a capacitor 628. The switch CE 622, the resistor 624, and the
capacitor 628 are coupled 1n series between the line (L) and
the load (LLd). The DIAC 626 1s coupled between a control
gate () of the TRIAC 612 and both of the capacitor 628 and
the resistor 624. The CE switch 622 may include a control
line (SW) coupled to the controller 602 which can control-
lably open or close the CE switch 622 so as to selectively
enable or disable the first triggering circuit 606. More
particularly, when enabled, the CE switch 622 couples the
resistor 624 to the line (L) for receiving a charge current
(1cl) from the line (L) and when disabled the CE switch
decouples the resistor 624 from the line (L). Accordingly,
when the resistor 624 1s coupled to the line (L) the first
triggering circuit 606 1s enabled and when the resistor 624
1s decoupled from the line (L) the first triggering circuit 606
1s disabled.

The second triggering circuit 608 includes a CE switch
632, a resistor 634, the DIAC 626 and the capacitor 628. The
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switch CE 632, the resistor 634, and the capacitor 628 are
coupled 1n series between the line (L) and the load (LLd). The
DIAC 626 1s coupled between the control gate (G) of the
TRIAC 612 and both of the capacitor 628 and the resistor
634. The CE switch 632 may include a control line (DIM)
coupled to the controller 602 which can controllably open or
close the CE switch 632 so as to selectively enable or disable
the second charging circuit 608. More particularly, when
enabled the CE switch 632 couples the resistor 634 to the
line (L) for recerving a charge current (1c2) from the line (L)
and when disabled the CE switch 632 decouples the resistor
632 from the line (L). Accordingly, when the resistor 634 1s
coupled to the line (L) the second triggering circuit 608 is
enabled and when the resistor 634 1s decoupled from the line
(L) the second triggering circuit 608 1s disabled.

In the first triggering circuit 606, the resistor 622 and the
capacitor 628 may form a first RC charger circuit which has
an RC constant (k1) which may be based upon a capacitance
(C) of the capacitor 628 and a resistance (R1) of the resistor
622. Similarly, in the second triggering circuit 608, the
resistor 634 and the capacitor 628 form a second RC charger
circuit which has an RC constant (k2) which may be based
upon the capacitance (C) of the capacitor 628 and the
resistance (R2) of the resistor 634. As the capacitor 628 1s
commonly shared between the first triggering circuit 606
and the second triggering circuit 608, the RC values for
these circuits (1.e., k1 and k2, respectively) are dependent
upon R1 and R2, respectively.

Further, in accordance with embodiments of the present
system, the RC constant k1 may be set such that a charge
time (Tcl or Al) of the first triggering circuit 606 be set to
a determined time, such as for example to about 8 ms (after
a corresponding zero-crossing when the corresponding trig-
gering circuit 1s enabled), and that the RC constant k2 be set
such that a charge time (Tc2 or A2) of the second triggering
circuit 608 1s less than Icl and preferably much less than
Tcl (Te2<<Icl) such as 10 usec 1.e., substantially immedi-
ately. Accordingly, as Tcl 1s dependent upon R1, this resis-
tance should be greater than R2 such that Tc2<<Tcl. Thus,
with regard to the second triggering circuit 608, when this
circuit 1s enabled by the processor 602, R2 should be set
such that the capacitor 628 i1s charged in a very short time
interval (1.e., almost immediately) so that its voltage imme-
diately exceeds a breakdown voltage of the DIAC 626 thus,
causing the DIAC 626 to conduct a triggering current (It)
from the capacitor 628 to the TRIAC 612, thereby triggering
the TRIAC 612.

As may be readily appreciated, FIG. 7B operates similar
to FIG. 7A with the exception that since the second trigger-
ing circuit 708 1s directly coupled to the gate (G) of a TRIAC
712 such that turn on 1s immediate.

A method of operation of a dimmer in accordance with
embodiments of the present system will now be discussed
with regard to operative states. In the present example, four
operative states will be discussed: (a) off (b) startup, (c)
stead state, (d) low dimming, and (e) high dimming States
(b) through (e) may be considered to be “on” states. How-
ever, other states are also envisioned. During each of the
“on” states, the first and/or second triggering circuits (e.g.,
606, 608, 708) arc operative to trigger the TRIAC 612 to
conduct and transier power from line (L) to the load 610.
When 1n the “off” state, the TRIAC 612 will not be triggered
and, therefore, 1s substantially non-conductive so that 1t
delivers substantially no power from the line (L) to the load
(Ld). Operation of the first and second triggering circuits
606 and 608, respectively, may be controlled by the proces-
sor 602 of the system and/or may be automatically enabled
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during a startup state using a default configuration. For
example, during an envisioned default startup and transition
states the first triggering circuit 606 may be enabled and the
second triggering circuit 608 may be ofl until the processor
602 15 activated and overrides the default settings. However,
other configurations are also envisioned and may be stored
in a memory of the system for later use.

OFF State

During the OFF state, both of the triggering circuits are
deactivated and the TRIAC 612 does not substantially
conduct so that substantially no power 1s transierred from
the line (L) to the load 610.

With regard to power generated during this state, limited
power (e.g., limited Vcc) may be generated by the power
supply of the ZC 604 and may be used for limited uses such
as, Tor example, to activate the first triggering circuit 606
and/or for sensing zero-crossing. Thus, basic operations
such as selecting and/or enabling triggering circuits (606,
608) and/or detecting zero-crossings) may be enabled using
the limited Vcc. However, the limited Vec may be mnsufli-
cient to operate certain internal circuits such as a wireless
receiver, etc. However, the power supply may generate
normal Vcc (for full operation of circuits of the dimmer)
soon after startup such as, for example, when the load 610
1s switched on.

START UP State

During the START UP state, the first triggering circuit 606
1s activated by closing the CE switch 622 of the first
triggering circuit 606 As the first triggering circuit 606 1s
similar to the charging circuit 218 shown 1n FIG. 2, 1t wall
reset 1tsell when the line (L) voltage crosses zero-voltage
(1.e., at every zero-crossing of the line (v) voltage) during
every corresponding half-cycle and will trigger the TRIAC
612 to conduct and provide power to the load 610. Because
the triggering circuit will fire/trigger the TRIAC 612 sub-
stantially symmetrically with respect to positive and nega-
tive cycles, it can be considered a seli-balanced triggering
circuit and may not require any additional zero-crossing
detection circuits for correct phase timing with respect to the
phase of the line (L) voltage wavelorm. Accordingly, the
first triggering circuit 606 will switch on the load 610 by
triggering the TRIAC 612 to conduct at a pre-defined phase
angle (e.g., corresponding with charge time T1) at every
half-cycle of the line (L) voltage after a zero-crossing 1s
detected. After the load 610 1s switched on, the impedance
of the load 610 will stabilize, and, thereatter, the ZC circuit
604 of the dimmer may be able to determine accurate
zero-crossing information. Thereafter, the information
related to the zero-crossing may be provided to the processor
602 for detecting the zero-crossings of line voltage. As soon
as the zero-crossing information i1s provided to processor
602, the processor 602 detects a zero-crossing and may
activate the second triggering circuit 608 and can control the
second triggering circuit 608 to cut an AC signal of the line
(L) at a determined phase angle so as to control dimming of
the load 610. This predetermined phase angle may be set by
the system and/or the user in real time. For example, the
predetermined phase angle may be set by the system in
accordance with the dimming level and a current operating
phase of the dimmer.

Because of the relatively high impedance of a ballast
during start up and the relatively low impedance of a ballast
during normal operation, the operation of the dimmer may
be separated into two states of operation. During each
different state, a diflerent one of the first and second trig-
gering circuits 1s activated independently of the other. Table
1 1s a triggering circuit selection table for selecting the first
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and second triggering circuits. The processor 602 may refer
to this table to select (e.g., stored 1n a memory of the
processor) for enabling a triggering circuit (606, 608). The
first triggering circuit 606 may be referred to as Ul and the
second triggering circuit 608 may be referred to as U2.

TABLE 1

OPERATION STATES

ON STATES
OFF STARTUP
TRIGGERING STATE (AFTER TRANSI-
CIRCUIT OFF OFF STATE) TION DIMMING
FIRST (U1) Disabled  Enabled Enabled  Disabled
SECOND (U2) Disabled  Disabled Disabled  Enabled
(Modulated)

Referring back to the startup state, during this state the
first triggering circuit 606 1s activated. Belore start up, the
power supply of the ZC circuit 604 may generate low
voltage power from coupling to the line (L) and load (LLd)
terminals. Thereatter, as soon as power output of the dimmer
1s stable and device 1s commanded to switch on (e.g., via the
user 1nterface), the processor 602 will enable the CE switch
622 to enable the first triggering circuit 606 Thereatter, the
capacitor 628 will start to charge from OV after a zero-
crossing of line (L) voltage. When the voltage across the
capacitor 628 1s equal to or greater than (1.e., exceeds) the
breakdown voltage of the DIAC 626, the DIAC will pass a
triggering current (It) from the capacitor 628 to trigger the
TRIAC 612 and a load 610 will be connected across the line
(L) and neutral (N). Thereafter, as soon as the AC current
passing through the TRIAC 612 decreases below a holding
current of the TRIAC 612, the TRIAC 612 will become
non-conductive and the load (LLd) 1s electronically decoupled
(or substantially decoupled) from the line (L.). Thereafter, a
reverse charge on the capacitor 628 will charge the capacitor
628 1n a similar manner as discussed above and, when the
charge of the capacitor 628 1s equal to or greater than (i.e.,
exceeds) the breakdown voltage of the DIAC 626, the DIAC
626 will pass a triggering current (It) from the capacitor 628
to trigger the TRIAC 612 and the load 610 1s connected
across the line (L) and neutral (N) just as discussed during
the previous half-cycle. In this way, the load 1s switched on
every half-cycle of the line (L) voltage automatically. Fur-
ther, 1n accordance with embodiments of the present system,
assuming the charge time for the capacitor 628 (charged by
the current first triggering circuit 606) until 1t reaches a
voltage which 1s greater than a breakdown voltage of the
DIAC 626 1s 8 ms (1.e., T1) and that the dimmer 1s 1n a
mimmum dimming state, an output of the load may appear
as illustrated in FIG. 8 which 1s a graph of line (L) voltage
(V line) with respect to a load voltage (V load) after startup
in accordance with embodiments of the present system.

TRANSITION State

Referring to FIG. 8, as soon as the load 610 1s switched
on (e.g., at 8 ms), the load voltage (V load) will stabilize and
have a forward phase cut across the load 610 (e.g., see, 8-10
ms). Using this stable voltage (1.e., V load at 8-10 ms), the
ZC 604 can generate a ZX signal portion of the ZCI which
1s 1n phase with the line (L) voltage (V line) and whose
talling edges corresponds with a zero-crossing of the line (L)
voltage (V line).

DIMMING State

After the start up and transition states, the ZX signal will
be 1ncluded in the ZCI and transmuitted to the processor 602
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which will then process the ZClI to determine zero-crossings
of line (L) voltage and will generate a corresponding DIM
signal to enable (e.g., activate) the second triggering circuit
608 at specific times relative to a corresponding zero-
crossing of the line (L) voltage. Additionally, in this state,
the processor 602 may form an SW signal to disable (e.g.,
deactivate) the first triggering circuit 606. Accordingly, the
dimmer operates as a digital dimmer (as opposed to a
hybrid-analog dimmer as discussed during startup) and may
sample the dimming settings (e.g., entered by the user via
the Ul) and adjust the timing (1.e., to modulate) of the DIM
signal to adjust triggering of the TRIAC 612 with respect to
a phase of the line (L) voltage. By adjusting timing of the
DIM signal, the timing of the firing of the TRIAC 612 may
be adjusted to adjust power output to the load 610. As the
DIM signal 1s transmitted for each half-cycle to the CE
switch 632, the CE switch 632 should have suflicient oper-
ating speed and should be robust to handle the frequent
switching during each hali-cycle of the line (L) voltage.
Accordingly, in embodiments of the present system, the CE
switch 632 may include one or more high-speed semicon-
ductor switches such as metal-oxide field-eflect transistors
(MOSFFETs) and the like as illustrated 1n FIGS. 10 through
11B below. Further, the switch 622 of the first triggering
circuit 606 may be similarly configured, 11 desired.

FIG. 9 1s a graph of line (L) voltage (V line) with respect
to a load voltage (V load) during the dimming state in
accordance with embodiments of the present system. In
accordance with the timing of FIG. 9, the TRIAC 612 1s fired
2 ms after a corresponding zero-crossing of the line (L)
voltage. The operation of the dimmer at this time may be
considered to be stable and firing angle of the TRIAC 612
may be adjusted to a desired angle with respect to line (L)
voltage to output power 1n accordance with a predetermined
dimming level.

FIG. 10 shows a portion of a triggering circuit 1000
including a switch 1002 in accordance with embodiments of
the present system. The switch 1002 may be formed using
suitable semiconductor switches such as MOSFETS or the
like and may be substituted for the switches 622 and 632 1n
the first or second triggering circuits 606 and 608, respec-
tively.

FIG. 11 A shows a portion of a triggering circuit 1100A
including a switch 1102 1n accordance with embodiments of
the present system. The switch 1102 may be formed using
suitable semiconductor switches such as MOSFETS or the
like and may be substituted for the switches 622 and 632 1n
the first or second triggering circuits 606 and 608, respec-
tively.

FIG. 11B shows a portion of triggering circuit 11008
including a switch 1102B 1n accordance with embodiments
of the present system. The switch 1202B may be formed
using suitable semiconductor switches such as photo-diac or
the like and may be substituted for the switches 622 and 632
in the first and/or second triggering circuits 606 and 608,
respectively.

However other switches and/or relays are also envisioned.
For example, as the first triggering circuit 606 does not
trigger the TRIAC instantaneously (1.e., with little delay) as
does the second triggering circuit 608, 1t 1s envisioned that
the first triggering circuit 606 may employ a low-speed
switching device such as a relay or the like for the CE switch
622.

Accordingly, the present system discloses a two-wire
microprocessor-controlled dimmer suitable for lamp drivers
such as an LED driver and/or a fluorescent driver (e.g., a
fluorescent ballast) having a varying impedance which 1s not
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stable during one or more operation states. In accordance
with embodiments of the present system, the dimmer may
include dual triggering circuits operable to trigger a con-
trollable bidirectional semiconductor switch for alternating
current such as a TRIAC. Further a method of operation of
the dimmer of the present system 1s also disclosed.

FIG. 12 shows a portion of a system 1200 1n accordance
with embodiments of the present system. For example, a
portion of the present system may include a processor 1210
(such as the processor 602) operationally coupled to one or
more of a memory 1220, a rendering device (e.g., a display,
a speaker, light emitting diodes (LED), etc.) 1230, sensors
1260, outputs 1240 (e.g., SM, DIM, etc.), and a user input
device 1270. The memory 1220 may be any type of device
for storing application data as well as other data related to
the described operation. The sensors 1260 may include one
or more ol amplitude and/or phase sensors such as a zero-
crossing sensor which may provide information (e.g., ZCI)
related to characteristics such as amplitude, waveform,
and/or phase of line (L) voltage (e.g., V line) and/or load
(e.g., V-load) voltage wavetorms. The application data and
other data are received by the processor 1210 for configuring
(e.g., programming) the processor 1210 to perform opera-
tion acts in accordance with the present system. The pro-
cessor 1210 so configured becomes a special purpose
machine particularly suited for performing in accordance
with the present system.

The operation acts may include controlling operation of
the dimmer. The user mput device 1270 may receive a
dimming selection from a user. The user mput device 1270
may include, for example, a switch such as a toggle switch,
a rotary switch, a rocker switch, a pushbutton switch, a
sliding switch, a touchpad, a keyboard, or other device,
including touch sensitive displays, which may be stand
alone or be a part of a system, such as part of a dimmer, a
light unit, or other device for communicating with the
processor 1210 via any operable link. The user mput device
1270 may be operable for interacting with the user and/or the
processor 1210 including enabling interaction within a Ul as
described herein. The processor 1210 may also receive a
dimming selection via any operable link such as a wireless
lighting control link. Clearly the processor 1210, the
memory 1220, display 1230 and/or user input device 1270
may all or partly be a portion of a computer system or other
device such as a client and/or server as described herein.

The methods of the present system are particularly suited
to be carried out by a computer software program, such
program containing modules corresponding to one or more
of the mdividual steps or acts described and/or envisioned
by the present system. Such program may of course be
embodied in a computer-readable medium, such as an 1nte-
grated chip, a peripheral device or memory, such as the
memory 1220 or other memory coupled to the processor
1210.

The program and/or program portions contained in the
memory 1220 configure the processor 1210 to implement
the methods, operational acts, and functions disclosed
herein. The memory 1220 may be distributed, for example
between the clients and/or servers, or local, and the proces-
sor 1210, where additional processors may be provided, may
also be distributed or may be singular. The memory 1220
may be implemented as electrical, magnetic or optical
memory, or any combination of these or other types of
storage devices. Moreover, the term “memory” should be
construed broadly enough to encompass any information
able to be read from or written to an address 1n an address-
able space accessible by the processor 1210. With this
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definition, information accessible through a network 1s still
within the memory 1220, for instance, because the processor
1210 may retrieve the information from the network for
operation 1n accordance with embodiments of the present
system.

The processor 1210 1s operable for providing control
signals and/or performing operations in response to input
signals from the user input device 1270, the sensors 1260, as
well as 1n response to other devices of a network (e.g., a
central or distributed lighting controller, etc.) and executing
instructions stored 1n the memory 1220. The processor 1210
may be an application-specific or general-use integrated
circuit(s). Further, the processor 1210 may be a dedicated
processor for performing 1n accordance with the present
system or may be a general-purpose processor wherein only
one of many functions operates for performing in accor-
dance with the present system. The processor 1210 may
operate utilizing a program portion, multiple program seg-
ments, or may be a hardware device utilizing a dedicated or
multi-purpose integrated circuit.

Further vanations of the present system would readily
occur to a person ol ordinary skill in the art and are
encompassed by the following claims.

Finally, the above-discussion 1s mtended to be merely
illustrative of the present system and should not be con-
strued as limiting the appended claims to any particular
embodiment or group of embodiments. Thus, while the
present system has been described with reference to exem-
plary embodiments, 1t should also be appreciated that
numerous modifications and alternative embodiments may
be devised by those having ordinary skill in the art without
departing from the broader and intended spirit and scope of
the present system as set forth i1n the claims that follow. In
addition, the section headings included herein are intended
to facilitate a review but are not intended to limit the scope
of the present system. Accordingly, the specification and
drawings are to be regarded 1n an illustrative manner and are
not intended to limit the scope of the appended claims.

In interpreting the appended claims, 1t should be under-
stood that:

a) the word “comprising” does not exclude the presence
of other elements or acts than those listed 1n a given claim;

b) the word “a” or “an” preceding an element does not
exclude the presence of a plurality of such elements;

¢) any reference signs 1n the claims do not limit their
SCOPE;

d) several “means” may be represented by the same item
or hardware or software implemented structure or function;

¢) any of the disclosed elements may be comprised of
hardware portions (e.g., including discrete and integrated
clectronic circuitry), software portions (e.g., computer pro-
gramming), and any combination thereof;

) hardware portions may be comprised of one or both of
analog and digital portions;

o) any of the disclosed devices or portions thereof may be
combined together or separated into further portions unless
specifically stated otherwise;

h) no specific sequence of acts or steps 1s intended to be
required unless specifically indicated; and

1) the term “plurality of” an element includes two or more
of the claimed element, and does not imply any particular
range of number of elements; that 1s, a plurality of elements
may be as few as two elements, and may include an
immeasurable number of elements.

What 1s claimed 1s:

1. A dimmer switch adapted to be coupled to an alternat-
ing current (AC) source and to a load so as to control an
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amount ol power delivered from the AC source to the load,
the dimmer switch comprising:

a controllable bidirectional semiconductor switch (CBSS)
coupled between the AC source and the load and
having a control line (G) which, when triggered, con-
figures the CBSS to conduct so as to deliver a con-
trolled amount of power from the AC source to the load
for a corresponding half-cycle of the AC source;

first and second triggering circuits coupled to the control
line and configured to trigger the CBSS; and

a controller which:
receives sense information related to characteristics of

the AC source, the characteristics including infor-
mation related to one or more zero-crossings for one
or more half cycles of a voltage wavetorm of the AC
source,
selects one the first or second triggering circuits to be
enabled based upon one or more of the sense infor-
mation, an operational state of the dimmer, and a
dimming selection, and
enables the selected first or second triggering circuit to
charge wherein when the selected first or second
triggering circuit reaches a threshold charge, the
selected first or second triggering circuit triggers the
CBSS to conduct for a corresponding half-cycle of
the one or more half cycles and deliver power from
the AC source to the load, wherein the threshold
charge 1s reached substantially when the charge time
ol the corresponding first or second triggering circuit
clapses.

2. The dimmer switch of claim 1, wherein the charge time
for each for each of the first and second triggering circuits
1s different from each other.

3. The dimmer switch of claim 1, wherein the dimmer
switch comprises only a source line coupled to the AC
source and a load line coupled to the load as an input and an
output of the dimmer switch, respectively.

4. The dimmer switch of claim 1, further comprising a
capacitor coupled to both of the first and second triggering
circuits, wherein when charging, at least one of the first and
second triggering circuits charge the capacitor.

5. A method of operating a dimmer switch coupled to an
alternating current (AC) source and a load so as to control
an amount of power delivered from the AC source to the
load, the method comprising acts which are performed by
processor, the acts comprising:

receiving sense information related to characteristics of
the AC source, the characteristics including informa-
tion related to one or more zero-crossings for one or
more half cycles of a voltage wavelorm of the AC
source;

selecting the first or second triggering circuits based upon
one or more of the sense information, an operational
state of the dimmer, and dimming selection; and

enabling the selected first or second triggering circuit to
charge, wherein when the selected first or second
triggering circuit reaches a threshold charge, the
selected first or second triggering circuit triggers a
controllable  bidirectional semiconductor switch
(CBSS) to conduct for the corresponding half-cycle of
the AC source and deliver power from the AC source to
the load, wherein the threshold charge 1s reached sub-
stantially when the charge time of the corresponding
first or second triggering circuit elapses.

6. The dimmer switch of claim 5, wherein the charge time

tor each of the first and second triggering circuits 1s set to be
different from the other.
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7. The method of claim 5, wherein the act of enabling the
selected first or second triggering circuit to charge turther
comprises an act of modulating the enabling 1n accordance
with one or more of the sense information, an operational
state of the dimmer, and the dimming selection.

8. The method of claim 5, further comprising an act of
disabling the triggering circuit which i1s not the selected
triggering circuit of the first and second triggering circuits.

9. The method of claim 5, further comprising an act of
determining a selected dimming state of first and second
dimming states in accordance with the dimming selection.

10. The method of claim 9, the further comprising an act
ol selecting one of the first and second triggering circuits 1n
the first dimming state and selecting the other of the first and
second triggering circuits in the second dimming state.

11. A computer program stored on a computer readable
non-transitory memory medium, the computer program con-
figured to operate a dimmer switch (coupled to an alternat-
ing current (AC) source and a load so as to control an
amount of power delivered from the AC source to the load,
the computer program comprising:

a program portion configured to:

receive sense mformation related to characteristics of
the AC source, the characteristics including infor-
mation related to a zero-crossing of a voltage wave-
form of the AC source;

select first or second triggering circuits based upon one
or more of the sense information, an operational state
of the dimmer, and user input information; and

enable the selected first or second triggering circuits to
charge, wherein when the selected first or second
triggering circuit reaches a threshold charge, the
selected first or second triggering circuit triggers a
controllable bidirectional semiconductor switch
(CBSS) to conduct for the corresponding half-cycle
of the AC source and deliver power from the AC
source to the load, wherein the program portion 1s
turther configured to receive the dimming selection
from a user interface of the dimmer switch.

12. The computer program of claim 11, wherein the
program portion 1s further configured to modulate the
enabling of the selected first or second triggering circuit 1n
accordance with one or more of the sense information, an
operational state of the dimmer, and a dimming selection.

13. The computer program of claam 11, wherein the
program portion 1s further configured to disable the trigger-
ing circuit which 1s not the selected triggering circuit of the
first and second triggering circuits.

14. The computer program of claam 11 wherein the
program portion 1s further configured to determine a selected
dimming state of first and second dimming states 1n accor-
dance with the dimming selection.

15. A dimmer switch adapted to be coupled to an alter-
nating current (AC) source and to a load so as to control an
amount ol power delivered from the AC source to the load,
the dimmer switch comprising:

a controllable bidirectional semiconductor switch (CBSS)
coupled between the AC source and the load and
having a control line (G) which, when triggered, con-
figures the CBSS to conduct so as to deliver a con-
trolled amount of power from the AC source to the load
for a corresponding hali-cycle of a plurality of hali-
cycles of the AC source;

first and second triggering circuits coupled to the control
line and configured to trigger the CBSS, the first
triggering circuit being a self balancing triggering
circuit configured to trigger the CBSS to conduct for a
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corresponding halt-cycle of the one or more half cycles
and deliver power from the AC source to the load when
the first triggering circuit reaches a threshold charge;
and

a controller which:

receives sense information related to characteristics of
the AC source, the characteristics 1ncluding infor-
mation related to a voltage waveform of the AC
source,

senses a zero-crossing of the voltage wavetform of the
AC source for at least one hali-cycle of the plurality
of half-cycles 1n accordance with the sense informa-
tion,

determines a delay period for phase cut for the at least
one hall cycle of the plurality of half-cycles in
accordance with the sense information and a dim-
ming selection,

determines whether the delay period has elapsed, and

cnables the second triggering circuit to trigger the
CBSS for the at least one half-cycle of the plurality
of half-cycles when 1t 1s determined that the delay
period has elapsed, and

selectively disables the first triggering circuit.
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